We measured the manganese content of whole blood, plasma, platelets, mononucleated cells, polymorphonucieated cells, and erythrocytes. Platelets and blood cells were separated from whole blood by use of discontinuous gradients of colloidal polyvinylpyrrolidone-coated silica (Percoli), and their manganese content was measured by Zeeman graphite furnace atomic absorption spectrophotometry, after digestion with nitric acid and hydrogen peroxide. Erythrocytes account for about 66% of the manganese in whole blood, whereas the "buffy coat"-platelets and leukocytesaccounts for about 30%. The "buffy coat" components turn over more rapidly than do erythrocytes, so their manganese content may better indicate the body's manganese status.
trace-element nutriture
The presumption that manganese is an essential nutrient for humans is based on documentation of manganese deficiency in various animals (1). Additionally, manganese is a component of several different enzyme systems, including pyruvate kunase, arginase, mitochondrial superoxide dismutase, and glycosyl transferase (2). However, there have been no convincing documented cases of manganese deficiency in humans. Attempts to experimentally deplete adult humans of manganese have met with mixed success (3) (4) (5) (6) . Part of the difficulty is that there is no proven method for assessing manganese stores in humans, mainly because manganese is present in tissues in very small concentrations that are difficult to measure (7) .
The most common method for estimating changes in manganese metabolism is to measure its concentration in either serum or whole blood (7). Clegg et al. (8) suggested that whole-blood manganese may best reflect manganese stores in tissue. Because manganese concentrations are much higher in whole blood than in serum or plasma, it has been presumed that the erythrocytes contain most of the manganese in blood (7) . As part of a series of studies on the usefulness of the trace-metal contents of the cellular components of blood-the platelets, leukocytes, and erythrocytes-in assessing nutritional status (9), we measured the manganese content of these different cellular components in blood from apparently healthy adults. Here we report and discuss our findings that platelets and leukocytes contain a substantial portion of the manganese in whole blood.
Materials and Methods Apparatus
We counted the different blood cells in anticoagulated 
Reagents
The water used for solution preparation and sample dilution, processed x g for 15 mm. The platelet-rich plasma (PRP) was removed.3 Platelet counts were determined in a 0.1-mL aliquot. The remaining PRP was centrifuged at 1200 x g, and the plasma was removed. The loosely packed cells and remaining platelets from the PRP isolation were suspended in an equal volume of 0.15 molJL NaC1.
Three solutions of different densities of Percoll-1.060, 1.075, and 1.095 kg/h-were prepared by diluting the stock with isotonic saline. After carefully layering 3 mL each of these solutions, heaviest to lightest, in a 14-mL graduated centrifuge tube, we layered 5 mL of the cell suspension on top of the gradient and centrifuged (1200 X g, 7 mm), whereupon the cellular components were separated into four distinct bands. The remainder of the isolation and wash procedure followed the description given elsewhere (9) . Analysis for manganese. After each category of cells was counted, the samples were centrifuged at 1200 x g for 10 mm and their supernates were carefully aspirated. We then added 3 mL of concentrated nitric acid doubly distilled from Vycor to the tubes and heated the samples at 145 #{176}C in a block heater until only a residue remained. The samples were cooled; 1 mL of concentrated (30%) H202 was added before they were slowly heated to 130 #{176}C, then to dryness. This treatment with the acid and hydrogen peroxide was repeated once more. After the samples were digested, we added exactly 1 mL of a 0.6 mol/L solution of HC1 to dissolve the mineral salts.
We determined the manganese content of the samples by graphite-furnace atomic-absorption spectrophotometry with Zeeinan background correction (ZAA). Using an autosampler program, we mixed 20 L of sample or standard with 10 L of a matrix modifier that contained 169 mmol of Mg(N03)2 per liter of a 1 g/L solution of Triton X.100 surfactant. This mixture was then delivered to the graphite tube, where it was dried, charred, and atomized according to the program outlined in Table 2 . Analytical results for Mn in whole blood and plasma were compared with those obtained by using a Perkin-Elmer Model 5000 atomic absorption spectrometer with a Model HGA 500 graphite furnace and deuteriuni arc background correction (10). and samples to which a known quantity of manganese had been added.
To assess the precision and accuracy of the analyses

Results and Discussion
The standard curve for manganese analysis by ZAA was linear to 455 mnol/L, the detection limit being about 9 nmoIIL when peak area absorbance was used. Most of our samples contained between 18 and 180 nmol/L.
Analytical recoveries of manganese added to a bovine serum reference standard averaged 103% (Table 3) . Our results agreed well with the NIST-certified values for manganese in the various standard reference materials: we found a mean of 187 (SD 11) nmollg for 15 consecutive runs as compared with the certified value of 180 (SD 15) nniollg for bovine liver (SRM 1577a), and 54.5 (SD 3.8) nmolfL as compared with a certified value of 48.9 (SD 9.4) nmol/L for bovine serum (SRM 8419). Within-run and run-to-run CVs were 5.2% and 7.6%, respectively, for six consecutive runs.
Manganese analyses obtained by ZAA were 10% to 20% lower than those we obtained by using deuterium arc background correction. We found a mean of 16.5 (SD 0.9) mnol/L for plasma (six replicate determinations) and 182 (SD 5) nmolJL for whole blood by ZAA, as compared with 18.9 (SD 1.8) and 225 (SD 11) nmolJL for plasma and whole blood by furnace atomic absorption spectrophotometry with deuterium arc background correction.
ZAA appears to be the method of choice. Conventional deuterium-lamp background correction requires that both the intensity of the beam alignment of the hollow-cathode lamp and the deuteriuni-continuum lamp be matched. Background absorbances greater than 0.4 A cannot be corrected (11). Analyte-shifted ZAA offers accurate, reproducible background correction during atomization for broad-band molecular absorption, light scattering, and wavelength-dependent radiation (12). Thus, it is not susceptible to the same problems as deuterium arc correction. Table 4 (4) (5) (6) , but much lower than many earlier estimates of manganese in serum or plasma, which range from 33 to over 300 nmolIL (7) . The greater specificity of ZAA and careful control of potential sources of contamination may account for some of these differences. To our knowledge, this is the first report of manganese in platelets and leukocytes from humans. Almost all of the manganese in blood is associated with the cellular components ( It remains to be shown whether determining the manganese content of any of these categories of cells will provide a reliable index to whole-body manganese nutrition. Studies with animal models suggest that the manganese content of whole blood (8) or lymphocytes (15) may be useful indices. This method, results of which are described here only for normal subjects, should now be tried in patients with various forms of illness, including those whose manganese nutriture is believed to be abnormal.
